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The  manufacture  of  frozen  potato  products  has  expanded  rapidly  in  re- 
cent years.  This  industry  now  utilizes  an  estimated  10  million  bushels  of 
potatoes  per  year  and  will  undoubtedly  become  an  increasingly  important 
outlet  for  the  potato  crop  (see  cover).  Frozen  products  account  for  about  15 
percent  of  all  potatoes  processed  for  food,  including  potato  chips  and  de- 
hydrated and  canned  products. 

The  total  pack  of  frozen  potato  products  in  1956  was  189-  6  million 
pounds,  according  to  estimates  of  the  National  Association  of  Frozen  Food 
Packers  (^8).  Frozen  French  fries  comprised  about  85  percent  of  this  pack. 
Other  frozen  products  include  potato  patties,  diced  potatoes,  mashed  or 
whipped  potatoes,  hash  brown  potatoes,  potato  puffs,  baked  potato,  and 
cream  of  potato  soup.  Processing  is  concentrated  in  or  near  principal 
potato-growing  areas  as  indicated  in  Figure  1. 

Commercial  production  of  frozen  French  fries  began  in  1945  and  out- 
put has  steadily  increased  to  the  1956  volume  of  over  160  million  pounds,  or 
about  45  times  the  1945  volume  of  3j  million  pounds. 

Recent  years  have  seen  a  rapid  increase  in  institutional  use  of  frozen 
potato  products.  In  1953,  for  example,  only  about  5  percent  of  the  pack  went 
to  restaurants  and  other  institutional  users.  In  1954  the  percentage  rose  to 
13.  4,  in  1955  it  was  Z6.  9,  and  in  1956  it  reached  40  percent  (Z8). 

For  years  the  demand  for  foods  with  greater  convenience  of  preparation 
has  been  increasing.  A  factor  that  has  contributed  to  the  steady  decline  in 
per  capita  consumption  of  fresh  potatoes  during  the  past  40  years,  has  un- 
doubtedly been  the  inconvenience  of  home  storage,  peeling,  and  cooking.  It 
is  worthy  of  note  that  per  capita  consumption  has  not  declined  during  recent 
years  in  which  processed  potato  products  have  become  available  in  signifi- 
cant volume. 

Another  important  factor,  in  addition  to  convenience,  is  constant  availa- 
bility of  relatively  uniform  quality  in  processed  products.  Fresh  potatoes  are 
variable  in  quality  and  when  purchased  by  the  housewife  may  or  may  not  be 
well  suited   for  the  particular  purpose  in  mind,   such  as  frying,  mashing,  or 
boiling . 
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The  processor  has  other  distinct  advantages  over  the  housewife  or 
restaurant  operator  in  the  preparation  of  potato  products.  First,  the  pro- 
cessor is  usually  located  in  the  heart  of  a  potato  growing  area.   There  he 
can  select  raw  material  best  suited  for  his  particular  product.  Second,  he 
can  process  products  in  large  volume  from  relatively  uniform  lots  of  pota- 
toes, and  the  processed  products  are  then  available  during  seasons  when 
fresh  market  potatoes  are  either  low  in  quality,  high  in  price,  or  possibly 
unavailable.  Third,  elimination  of  peeling  and  trimming  waste  and  other  re- 
ductions in  weight  at  the  plant  effect  savings  in  cost  of  shipping  potatoes  to 
consuming  centers. 

RAW  MATERIAL 

One  of  the  most  important  problems  in  the  production  of  frozen  potato 
products  is  the  selection  and  procurement  of  suitable  raw  tuber  stock,  par- 
ticularly if  processing  is  spread  over  periods  as  long  as  9  or  10  months  of 
the  year.  Suitable  potatoes  are,  of  course,  usually  available  at  a  price  dur- 
ing most  of  the  year,  including  periods  of  relative  scarcity,  but  processors 
must  protect  their  sources  of  supply  against  wide  fluctuations  in  price  in  or- 
der to  sell  processed  products  competitively.  Most  processors  suspend 
operations  during  the  summer  when  the  stored  late- crop  potatoes  from  the 
preceding  year  are  no  longer  in  dependable  supply  or  do  not  have  satisfac- 
tory processing  qualities. 

Contracting  with  growers  in  advance  provides  the  best  assurance  of  an 
adequate  supply  for  the  operating  season.  The  processor  may  thereby  ex- 
ercise greater  control  with  regard  to  growing  and  harvesting  practices  and 
conditions  of  storage  after  harvest.  If  the  processor  is  unable  to  make  long- 
range  procurement  arrangements  and  to  specify  conditions  of  storage  by  the 
grower,  he  must  provide  or  arrange  for  other  storage  and  related  facilities 
with  capacity  adequate  to  meet  his  processing  schedule.  Local  procurement 
is  advantageous  because  it  enables  the  processor  to  obtain  sample  lots  for 
examination  and  testing  prior  to  purchase. 

Potatoes  used  for  frozen  products  vary  in  grade  and  quality  from  culls 
to  those  meeting  U.S.  No.  1  standards  for  shipment  to  fresh  market.  It  has 
been  estimated  that  10  to  40  percent  of  the  potatoes  grown  in  the  United 
States  fail  to  meet  the  U.  S.  No.  1  grade  requirements  (34).  Such  potatoes 
comprise  one  source  of  supply  for  processors.  In  some  producing  areas 
potatoes  that  are  lower  in  quality  than  U.  S.  No.    1  grade  cannot  be  processed 
for  food  products  (except  canning)  because  of  marketing  agreements.  Field- 
run  potatoes  are  often  used  in  preference  to  any  particular  grade,  since 
these  can  usually  be  procured  at  a  lower  cost  than  graded  potatoes.  Unit  cost 
of  raw  material  should  not  be  used  as  the  sole  basis  for  purchase  of  either 
graded  potatoes,  field- run,  or  cull  potatoes.   Poor  grades  purchased  at  a  low 
price,  for  example,  may  involve  disproportionately  high  peeling,  trimming. 
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and  other  processing  costs  and  may,  in  addition,  give  low  yields  of  accept- 
able product. 

Size  classification  of  potatoes  is  another  important  consideration.  Use 
of  large  potatoes  norinally  results  in  the  lowest  peeling  losses  and  provides 
the  greatest  yield  of  long  French-fry  cuts  that  are  especially  desirable  for 
restaurant  use  (20). 

PROCESSING  SUITABILITY 

Entirely  adequate  standards  of  suitability  of  potatoes  for  processing  in- 
to French  fries  have  not  been  established,  although  it  is  well  known  that  some 
potatoes  make  better  French  fries  than  others.  Suitability  of  a  given  variety 
may  vary  from  one  producing  area  to  another  and  even  from  field  to  field  in 
the  same  area.  Variations  from  season  to  season  can  also  be  expected  (22). 
Determinations  of  specific  gravity  and  reducing- sugar  content  and  frying 
tests  are  frequently  used  as  guides  to  processing  suitability  (2). 

Potatoes  of  higher  specific  gravity  (higher  solids)  produce  fries  which 
are  more  crisp,  more  mealy,  and  less  oily  than  do  potatoes  of  lower  specific 
gravity,  as  judged  by  taste  panels  (24),  Flavor  scores  were  also  higher  in 
some  instances  with  potatoes  of  higher  specific  gravity.  Tenderness  as  meas- 
ured by  a  shear  test,  however,  was  less  with  higher  specific  gravity.  When 
the  mean  scores  for  color,  uniformity  of  browning,  lack  of  oiliness,  tender- 
ness, crispness,  mealiness,  and  flavor,  collectively  referred  to  as  "pala- 
tability",  were  averaged  for  4  potato  varieties  from  different  areas  (Chippewa, 
Katahdin,  and  Irish  Cobbler  from  Maine,  Irish  Cobbler  from  North  Dakota, 
Katahdin  from  Colorado,  and  Russet  Burbank  from  Washington)  it  was  ob- 
served that  palatability  increased  as  specific  gravity  increased  (24). 

If  the  processing  suitability  of  potatoes  from  a  given  locality  is  to  be 
properly  evaluated,  tests  must  be  made  immediately  after  harvest  and  at 
periodic  intervals  throughout  the  storage  period,  since  processing  qualities 
are  subject  to  change.  Some  varieties  are  suitable  for  processing  immediate- 
ly after  harvest  but  accumulate  such  high  concentrations  of  reducing  sugars 
during  low-temperature  storage  (40  °F.  )as  to  render  them  unsuitable.  If 
potatoes  are  to  be  used  within  a  few  months  after  harvest,  continued  storage 
at  50  to  60  °F.  shoiild  insure  the  highest  quality.  French  fries  produced  from 
potatoes  stored  2  or  3  months  at  these  temperatures  were  shown  to  have  bet- 
ter texture,  flavor,  and  color  than  those  prepared  from  potatoes  stored  be- 
low 50  °F.  {36). 

When  potatoes  are  stored  at  40  °F,  or  lower  or  are  subjected  to  low 
temperatures  prior  to  harvest  or  during  transportation,  excessive 'concen- 
trations of  reducing  sugars  are  usually  produced.  A  high  content  of  reducing 
sugars  causes  French  fries  to  be  too  dark  in  color.  In  such  cases  the  potatoes 
must  be  "conditioned",  that  is,  held  at  70  °F,  or  higher  for  2  or  3  weeks  (_2,j4). 
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This  treatment  lowers  the  sugar  content.  Some  varieties,  however,  accu- 
mulate such  high  concentrations  of  sugar  that  they  cannot  be  conditioned 
satisfactorily  while  others  give  variable  responses  to  conditioning  (24).  It 
has  also  been  observed  that  some  potatoes  produce  poor  products  after  con- 
ditioning even  though  the  reducing- sugar  content  drops  to  a  relatively  low 
level  (29). 

Storage  at  50  °  F.  or  higher,  in  which  potatoes  usually  retain  good  process- 
ing qualities,  is  not  permissible  for  prolonged  periods  because  of  the  tendency 
of  potatoes  to  sprout.  Application  of  chemicals  that  inhibit  sprouting  or  treat- 
ment by  irradiation  shows  promise  of  solving  the  problem  of  storage  at  temper- 
atures sufficiently  high  to  prevent  sugar  accumulation.  One  processor  has  re- 
ported use  of  the  methyl  ester  of  naphthalene  acetic  acid  (MENA)   to  arrest 
sprouting  (37).  This  sprout  inhibitor  was  applied  as  the  tubers  were  placed  in 
storage  bins.  Maleic  hydrazide  (MH)  has  also  been  used  for  sprout  inhibition. 
This  chemical  is  sprayed  on  the  potato  plants  before  harvest.  These  and  other 
sprout  inhibiting  chemicals  such  as  3- chloro-isopropyl- N- carbamate  (chloro- 
IPC)  are  being  investigated  further  for  effectiveness  and  freedom  from  toxicity. 

Some  losses  must  be  anticipated  during  storage,  due  to  net  necrosis,  in- 
ternal discoloration,  maiiogany  browning,  hollow  heart,  black  spot,  and  other 
disorders  (34).  Rough  handling  will  resvilt  in  increased  losses.  Shrinkage  of 
about  2  percent  per  month  can  be  expected  under  normal  storage  conditions. 
After  sprouting  begins,  shrinkage  losses  increase  at  a  progressive  rate  (30). 
This  is  especially  important  in  the  late  spring  and  summer  (41). 

PEELING 

Potatoes  to  be  processed  are  delivered  to  the  plant  by  truck  or  rail  or 
conveyed  into  the  plant  from  adjacent  storage  bins  or  cellars  as  needed.  Flum- 
ing  is  used  in  some  instances  to  move  potatoes  from  storage.  Soaking  in  water 
helps  to  loosen  dirt  and  facilitates  subsequent  washing.  The  potatoes  are  com- 
monly passed  through  a  destoner  and  trash  remover  to  eliminate  stones  or 
pebbles  and  vine  fragments  or  other  trash.  Potatoes  should  be  thoroughly 
washed,  since  adhering  soil  particles  are  undesirable  in  the  peeling  operation. 
If  a  continuous  steam  peeler  is  used,  for  example,  dirt  or  grit  particles  may 
interfere  with  operation  of  valves  and  shorten  gasket  life.  In  lye  peeling  dirt 
will  contaminate  the  lye  solution  and  necessitate  more  frequent  change  of  solu- 
tion. A  detergent  can  be  used  to  assist  in  the  washing  operation. 

Potatoes  can  be  graded  by  size  either  before  or  after  washing  or  after 
peeling.  Size  grading  permits  better  use,  especially  of  field- run  potatoes. 
The  larger  potatoes,  for  example,  can  be  used  for  cutting  into  French- fry 
strips  and  the  smaller  ones  for  patties,  or  for  mashed  or  hash  brown  stock. 
Small  potatoes  are  not  well  suited  for  producing  French  frie^  because  they 
yield  a  high  proportion  of  short  cuts  and  slivers  which  have  to  be  separated 
out  of  the  final  product.  In  some  cases,  potatoes  of  a  special  size  or  quality. 
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such  as  bakers,  are  removed  for  sale  on  the  fresh  market  when  market  con- 
ditions warrant.  In  some  plants  no  size  separations  are  made  until  after 
peeling.  Pre-peeling  inspection  is  used  to  remove  most  of  the  defective 
potatoes  (greened,  rotted,  or  bruised). 

Steam  Peeling.  Both  batch  steam  peelers  and  continuous,  automatically 
controlled  equipment  are  used  for  steam  peeling  of  potatoes.  The  high- 
temperature  steam  treatment  loosens  the  potato  skins.  Peeling  is  readily- 
completed  by  subjecting  the  potatoes  to  a  gentle  mechanical  rubbing  action 
while  passing  them  under  high  pressure  jets  of  water.  Conditions  of  time  and 
temperature  for  steam  peeling  vary  from  plant  to  plant  and  with  different 
sources  of  potatoes.  Batch  steam  peelers  may  hold  as  much  as  a  ton  of  pota- 
toes in  a  single  charge.  Typical  treatment  of  Russet  Burbank  potatoes  in  such 
a  peeler  is  2  to  3  minutes  at  about  80  to  100  pounds  steam  pressure.  Continu- 
ous steam  peelers,  in  which  a  relatively  small  charge  is  present  at  any  one 
time,  require  as  little  as  20  to  30  seconds  of  treatment  time.  This  type  of 
equipment  may  use  steam  pressure  in  excess  of  100  pounds.  Peeling  losses 
range  from  10  to  25  percent,  depending  upon  variety,  maturity,  and  grade  of 
potato  and  extent  to  which  the  cooked  layer  directly  underneath  the  skin  is 
removed  by  the  high-pressure  jets  of  water.  Care  should  be  taken  to  avoid 
cooking  to  excessive  depth  during  peeling. 

The  types  of  washers  used  for  peel  removal  include  the  rotating  barrel 
or  drum  washer  and  equipment  consisting  of  a  series  of  suitably  spaced  rubber 
rollers  which  propel  the  potatoes  under  a  spray  of  water. 

Lye  Peeling.  A  lye  peeler  uses  both  chemical  attack  and  thermal  shock 
to  loosen  skins.  Loosened  skins  and  lye-affected  tissue  are  removed  by  high- 
pressure  sprays  of  water  as  in  the  case  of  steam  peeling.  Lye  peelers  are 
designed  for  continuous  operation.  In  this  equipment  potatoes  are  conveyed 
through  a  hot  lye  solution  at  a  controlled  rate.  The  concentration  of  the  lye 
may  range  from  15  to  25  percent  and  the  temperature  from  170  to  215  "F.  , 
depending  upon  the  reqviirements  of  the  potato.  Washing  operations  must  be 
so  controlled  as  to  leave  no  perceptible  alkali  after  the  potatoes  are  washed. 
Peeling  losses  miay  be  somewhat  higher  than  with  steam  peeling  but  much  de- 
pends upon  control  of  the  operation  in  each  case. 

Where  lye  peeling  is  used,  the  potatoes  can  be  passed  through  water  in  a 
preheater  before  going  through  the  lye  peeler  (23).  This  step  not  only  assists 
in  cleaning  the  potatoes  but  also  reduces  the  heat  load  on  the  lye  peeler  and 
enables  better  control  over  peeling. 

Some  processors  prefer  to  use  steam  peelers,  while  others  believe  that 
lye  peeling  does  a  better  job  and  that  less  difficulty  is  involved  in  adjusting 
peeling  conditionai>for  different  potatoes.  Each  method  must  be  considered  in 
the  light  of  advantages  or  disadvantages  as  they  apply  in  a  given  situation. 
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For  example,  if  local  regulations  are  such  as  to  render  the  disposal  of 
spent  lye  solution  difficult,  it  may  be  impractical  to  use  a  lye  peeler.  Ini- 
tial investments  may  also  be  a  factor,   since  a  continuous  steam  peeler  is 
generally  more  costly  than  a  continuous  lye  peeler  of  equivalent  capacity. 

Abrasion  Peeling.   This  method,  which  consists  of  a  rasping  action  of  a 
rapidly  moving  carborundum  surface  in  contact  with  the  potatoes,  is  used, 
to  a  very  limited  extent,  by  processors  of  frozen  potato  products.  Peeling 
losses  by  abrasion  peeling  for  large-scale  operations  are  usually  so  high  as 
to  make  this  method  uneconomical. 

TRIMMING,  SORTING,  AND  CUTTING 

Peeled  potatoes  are  conveyed  over  trimming  and  inspection  belts  in  pre- 
paration for  further  processing.  Unpeeled  portions,  bruises,   rotten  parts, 
etc.  must  be  removed  by  trirmning.  Sun-  or  wind-burned  potatoes  and  those 
with  serious  defects  are  diverted  from  the  processing  lines.  In  some  plants 
the  largest  potatoes  (4  inches  or  over  in  thickness)  are  cut  in  half  lengthwise 
to  facilitate  cutting  into  French-fry  strips  (45).   Potatoes  less  than  1-1/4  inch 
in  size  are  usually  removed  from  the  French-fry  line  for  processing  as 
potato  patties,  hash  brown  stock,  or  mashed  potatoes  (^3). 

Holding  tanks  used  as  surge  hoppers  to  regulate  the  flow  of  peeled  and 
trimmed  potatoes  to  the  strip  cutters  are  filled  with  water  to  reduce  surface 
oxidation  or  discoloration.   The  strip  cutters  are  specifically  designed  for 
French-fry  cuts.   This  equipment  should  orient  the  potatoes  along  the  long 
axis,  or  as  nearly  so  as  possible,  in  order  to  obtain  the  greatest  yield  of  long 
cuts.   The  size  of  French-fry  cut  can  be  varied,  but  strips  3/8  or  1/ Z  inch 
square  in  cross  section  are  the  most  popular.  Cuts  of  other  sizes  are  pro- 
duced for  special  orders. 

Slivers  and  short  pieces  or  "nubbins"  must  be  separatea  from  the  prod- 
uct following  cutting  into  French  fries.  A  rotating  reel  or  a  screen  shaker 
with  slots  spaced  to  eliminate  the  slivers  is  the  type  of  equipment  usually 
used  for  this  purpose.  A  typical  nubbin  eliminator,   which  usually  follows  the 
sliver  eliminator  in  the  processing  line,   consists  of  a  rotating  drum  fitted 
with  cups  in  the  shell  of  the  drum.   The  diameter  of  each  cup  is  such  as  to 
accommodate  the  length  of  potato  strips  to  be  separated  from  the  product  as 
it  passes  through  the  drum.  As  the  nubbins  drop  into  the  cups  they  are  lifted 
to  the  upper  position  of  the  rotating  drum  and  dumped  on  a  belt,  which  car- 
ries them  to  a  co-product  line.  The  long  cuts  remain  in  the  drum  until  they 
have  traversed  its  entire  length.   Following  the  sliver  and  nubbin  or  short- 
piece  eliminators,  some  operators  have  a  short  inspection  line.  At  this  point 
any  remaining  small  pieces  and  discolored  or  otherwise  defective  strips  are 
removed. 
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The  yield  of  French  fry  cuts  is  governed  by  peeling,  trimming,  and 
cutting  losses.  These  losses  will  vary  with  size  and  grade  of  potatoes  used, 
peeling  method,  and  other  factors.  Peeling  and  trimming  losses  usually  fall 
within  the  range  of  15  to  40  percent.  Removal  of  slivers  and  nubbins  may  in- 
volve a  loss  of  10  percent  in  addition  to  peeling  and  trimming  losses.  The 
overall  yield  of  raw  French-fry  cuts  can  thus  be  expected  to  fall  within  the 
range  of  50  to  75  percent  of  the  weight  of  potatoes  processed.  About  30  to  45 
pounds  of  finished  French  fries  may  be  obtained  per  100  pounds  of  potatoes, 
assuming  a  loss  of  40  percent  in  weight  of  the  cuts  during  frying. 

BLANCHING 

French-fry  strips  are  blanched  in  water  in  preparation  for  frying.  Ad- 
vantages claimed  for  blanching  include  (a)  more  uniform  color  of  fried  prod- 
ucts, (b)  reduction  of  fat  absorption  through  gelatinization  of  the  surface 
layer  of  starch,  (c)  reduced  frying  time  since  the  potato  is  partially  cooked  by 
blanching,  and  (d)  improved  texture  of  final  product. 

The  most  important  function  of  blanching  appears  to  be  its  leaching  ef- 
fect upon  sugars  contained  at  the  surface  of  the  potato  and  the  consequent 
improvement  in  uniformity  of  color  of  the  fried  product.      Adjustments  can 
be  made  in  either  time  or  temperature  of  blanching,  or  both,  as  an  aid  to 
equalizing  the  frying  characteristics  of  different  lots  of  potatoes.  Consider- 
able variation  in  raw  material  is  encountered,   even  though  processors  en- 
deavor  to  procure  potatoes  which  have,  or  can  be  conditioned  to  have,  as 
nearly  the  desired  frying  characteristics  as  possible. 

Two  blanchers,  operating  in  series,  are  commonly  used  for  greater 
flexibility  and  to  obtain  maximum  control  of  color.  The  first  blancher,  for 
example,  may  exert  both  a  leaching  and  an  equalizing  effect  on  sugar  concen- 
trations. 'The  second  blancher  may  contain  a  dilute  sugar  solution  and  be  used 
to  adjust  the  surface  sugar  concentration  to  a  desirable  level  for  best  and  most 
uniform  color  development  during  frying.  For  some  lots  of  potatoes  it  may  be 
desirable  to  use  both  blanchers  for  leaching. 

Surface  moisture  should  be  removed  from  the  strips  to  reduce  the  load 
on  the  fryer  and  to  ininimize  the  rate  of  hydrolytic  breakdown  of  the  fat.  The 
lower  the  moisture  in  the  potato,  the  less  will  be  the  time  required  for  fry- 
ing and  consequently  the  lower  the  oil  content  of  the  product  (14).  Removal  of 
surface  moisture  is  desirable  also  because  this  tends  to  soften  the  pieces  if 
there  is  a  delay  before  frying,  such  as  may  be  the  case  if  inspection  follows 
blanching.  Drying  the  surface  of  the  blanched  strips  is  accomplished  by  blow- 
ing hot  or  warm  air  over  or  through  the  product.  In  some  instances  the 
blanched  potatoes  are  carried  by  a  perforated  basket  conveyor  across  the 
surface  of  the  fryer  to  utilize  the  heat  from  the  hot  fat  in  driving  off  moisture 
before  the  potatoes  enter  the  fryer  (45). 


-9- 


FRYING  CONDITIONS  AND  EQUIPMENT 

The  blanched  potato  strips  are  converted  into  the  familiar  French-fried 
product  by  frying  in  hot  fat.   Cooking  is  thereby  essentially  connpleted  and  the 
surface  of  each  strip  becomes  crisp  and  golden  brown  in  color.   Close  atten- 
tion to  and  control  of  frying  conditions  are  essential  in  order  to  obtain  a  prod- 
uct which  has  the  desired  surface  color  and  the  proper  internal  textural  char- 
acteristics when  removed  from  the  fryer.  A  raw  flavor  and  texture  will  be 
noted,  for  example,  in  undercooked  potatoes,  while  overcooked  potatoes  will 
tend  to  have  concave  surfaces  and  collapsed  centers.     The  center  of  the  strip 
may  separate  from  the  outer  portion  in  the  form  of  a  core  before  the  surface 
attains  the  desired  color,  if  frying  is  too  slow.  On  the  other  hand,  the  center 
may  be  partially  raw  and  the  surface  color  excessively  dark  if  frying  is  too 
fast  and  at  too  high  a  temperature.  Only  a  small  margin  of  time  exists  be- 
tween either  overcooking  or  undercooking  and  the  proper  cook.   This  margin 
may  be  as  short  as  a  half  minute  and  ranges  up  to  one  minute.   Constant  super- 
vision is  required  to  make  necessary  adjustments  for  the  frying  characteris- 
tics of  different  lots  of  potatoes  and  for  varying  loads  on  the  fryer.   The  end 
result  is  a  function  of  heat,  moisture,  and  the  color -producing  reaction  of  re- 
ducing sugars  with  nitrogen- containing  compounds.  Oil  absorption  by  the 
strip  enhances  flavor  but  excessive  oil  absorption  gives  the  product  an  unde- 
sirable oily  surface. 

Variations  in  extent  of  frying  are  made  by  the  processor  to  meet  the  re- 
quirements of  different  outlets  for  his  product,  particularly  for  the  institu- 
tional trade  and  for  the  home  consumer.  Restaurants,  for  example,  desire 
French  fries  that  can  be  prepared  as  needed  by  finish  frying  in  deep  fat  to  de- 
velop color  and  crispness.   To  meet  this  need  the  processor  produces  what  is 
known  as  a  "par-fried"  or  "oil-blanched"  potato.  Par-fries  require  but  a 
minimum  of  frying  at  the  processing  plant. 

The  home  user  frequently  does  not  have  a  deep  fat  fryer  and  must  depend 
upon  a  hot  oven  or  a  broiler  to  prepare  the  frozen  French  fries  for  serving. 
This  accomplishes  some  browning  and  crisping  as  well  as  heating.  Products 
destined  for  the  home  consumer  are  fried  more  completely  by  the  processor 
than  are  the  par-fries. 

The  fat  content  of  frozen  French  fries  packed  for  retail  trade  is  usually 
about  5  to  7  percent  and  that  of  the  par-fried  product  around  4  percent.  These 
figures  are  considerably  lower  than  those  given  for  French-fried  potatoes 
prepared  in  the  home.  Fat  absorption  varies  to  some  extent  with  specific 
gravity  of  the  raw  potatoes,  with  size  of  strips,  and  with  retention  time  in 
the  heated  oil. 

The  frying  step  can  be  completed  in  one  fryer  or  in  two  fryers  in  series. 
These  methods  are  known  as  the  single-stage  and  the  two-stage  systems 
Both  are  used  successfully  and  proponents  of  each  claim  certain  advantages. 
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Figure  2.  Flow  sheet  for  frozen  French  fried  potatoes. 


Figure  3.  Storage  of  potatoes  for  processing. 
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In  the  two- stage  system  the  blanched  strips  pass  through  the  first  fryer 
during  approximately  half  the  cooking  time  and  are  then  conveyed  to  the 
second  fryer,  which  is  similar  in  design  to  the  first,  for  completion  of 
frying.  This  system  increases  the  rate  of  throughput  and  is  thought  by  some 
processors  to  permit  more  even  color  development  and  to  give  greater 
flexibility  of  operation.  The  blanched  pieces  entering  the  fat  in  the  first 
fryer  impose  a  heavy  load  on  this  fryer  for  initial  heating  of  the  strips  and 
for  water  evaporation.  Consequently,  the  temperature  of  the  first  fryer 
tends  to  be  lower  than  that  of  the  second.  Frying  is  finished  in  the  second 
fryer  where  a  somewhat  higher  and  more  nearly  optimum  temperature  for 
completion  of  cooking  and  color  development  can  be  ma.intained.  In  the  trans- 
fer, from  the  first  to  the  second  fryer  the  strips  are  turned  over,  which  in- 
sures even  color  development  and  avoids  light  areas  caused  by  two  or  more 
pieces  sticking  together  throughout  the  frying  process.  However,  single- 
stage  fryers  can  be  so  designed  and  operated  as  to  give  the  necessary  con- 
trol of  frying.  Uniformity  of  color  can  be  achieved  by  turning  or  agitating 
the  strips  while  they  are  conveyed  through  the  fryer. 

Heat  should  be  evenly  transmitted  to  the  fat  over  as  great  a  surface 
area  as  possible  to  avoid  local  overheating  or  hot  spots.  Heating  is  accom- 
plished by  heat  exchangers  using  high-pressure  steam  or  hot  liquid  of  high 
boiling  point.  Some  processors  use  direct  heat  from  gas  fired  burners. 
Temperatures  commonly  employed  are  within  the  range  of  350  °  to  375  *F. 
The  temperature  should  not  be  allowed  to  exceed  390  °  F.  ,  because  fat  break- 
down is  greatly  accelerated  by  high  temperature. 

Metals  such  as  iron  or  copper  should  not  come  in  contact  with  the  fat, 
since  free  fatty  acids  in  the  fat  will  dissolve  some  of  the  metal.   The  result- 
ing compounds  will,  in  turn,  act  as  catalysts  and  accelerate  further  fat 
breakdown.  Stainless  steel  is  considered  the  most  desirable  material  for 
the  frying  equipment. 

Constituents  of  fat  which  are  volatilized  during  frying  should  be  car- 
ried off  through  an  exhaust  system  designed  to  prevent  "drip  back"  into  the 
fat.  These  constituents,  if  allowed  to  re-enter  the  frying  fat,  not  only  cause 
off-odors  and  off-flavors  but  also  accelerate  fat  deterioration. 

Particles  of  potato  left  behind  in  the  fryer  must  be  removed  periodic- 
ally; otherwise  they  become  charred  and  affect  the  quality  of  the  fat  ad- 
versely. Periodic  or  continuous  removal  is  accomplished  with  centrifugals 
or  filters.  Frying  equipment  also  becomes  coated  with  gums  or  other  mater- 
ial during  frying  and  must  be  cleaned  as  frequently  as  necessary  to  prevent 
accumulation. 

FATS  AND  FAT  DETERIORATION 

Hydrogenated  vegetable  shortenings  are  commonly  used  for  frying. 
They  are  composed  chiefly  of  cottonseed  oil,   sometimes  with  minor  portions 
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Figure  4.  Conveying  potatoes 
into  processing  plant. 


Figure  5.  Trimming  potatoes 
for  French  fry  manufacture. 
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of  soy-bean  oil.  Other  vegetable  oils  are  not  used  to  any  great  extent  be- 
cause of  their  relatively  higher  cost.  Hydrogenation,  a  process  of  adding 
hydrogen  to  the  unsaturated  fatty  acid  component  of  fat,  makes  the  fries 
more  stable  against  rancidification  during  prolonged  storage.  Normally, 
hydrogenated  shortenings  also  have  a  high  smoke  point  and  are  resistant  to 
foaming  and  to  gum  formatio.i  during  frying. 

The  supply  of  fat  in  the   fryer  is  maintained  at  a  constant  level  by  the 
addition  of  fresh  fat  to  replace  that  absorbed  by  the  potatoes.  Addition  of 
fresh  fat  serves  to  check  the  deterioration  that  normally  occurs  in  fat  held 
at  frying  temperatures.   The  number  of  hours  required  for  addition  of  fresh 
fat  to  become  equivalent  to  the  total  quantity  of  fat  in  the  fryer  is  known  as 
the  "fat  turnover"  period.  Obviously,   rate  of  fat  turnover  will  be  most  rapid 
in  a  system  containing  the  least  amount  of  total  fat  for  a  given  rate  of  pro- 
duction. The  ratio  of  fat  to  product  being  fried  should,  therefore,  be  kept  at 
a  minimum  consistent  with  satisfactory  operation  of  the  frying  equipment,  in 
order  to  achieve  a  high  rate  of  fat  turnover.  Some  operators  of  continuous 
fryers  consider  a  satisfactory  rate  of  fat  turnover  to  be  around  10  to  16  hours. 
Under  such  conditions  it  is  usually  considered  permissible  to  continue  frying 
without  discarding  any  fat  unless,  for  example,   continuity  of  feed  to  the  hot 
fat  is  interrupted,  thereby  prolonging  the  turnover  period  and  allowing  ex- 
tensive deterioration  of  the  fat.  During  a  shutdown  the  fat  should  be  cooled  as 
rapidly  as  possible  and  held  under  tight  cover  to  minimize  oxidation. 

Fat  may  deteriorate  in  several  ways  during  the  course  of  frying.  One  is 
by  hydrolysis,  a  breaking  down  of  the  fat  into  its  component  fatty  acids  and 
glycerol,  through  reaction  with  water  or  steam.  Since  water  is  carried  into 
the  system  by  the  potato  slices,  it  is  desirable  to  remove  as  much  surface 
water  as  possible. 

The  higher  the  free  fatty  acid  content  of  the  fat,  the  lower  will  be  the 
smoke  point- -that  is,  the  temperature  at  which  the  fat  begins  to  smoke. 
Normally,   commercial  shortenings  contain  less  than  0.1  percent  of  free 
fatty  acids  but  this  content  is  unavoidably  increased  with  use.   These  acids 
have  an  acrid  flavor,  a  sharp  odor,  and  a  deleterious  effect  upon  quality  of 
the  fried  product.  Some  operators  consider  a  free  fatty  acid  content  of  1 
percent  in  the  frying  fat  for  French  fried  potatoes  to  be  the  upper  limit  of 
acceptability  and  that  the  fat  should  be  discarded  at  this  point.  Analysis  for 
free  fatty  acid  is  commonly  used  for  quality  control  purposes.   Free  fatty 
acids  tend  to  volatilize  during  frying  but  their  volatility  is  not  sufficiert  to 
prevent  a  gradual  build-up.  As  has  already  been  pointed  out,  the  rate  of  fat 
turnover  must  be  sufficiently  high  to  maintain  the  fat  in  good  condition,  or 
else  the  fat  must  be  discarded  periodically.  Satisfactory  conditions  may  re- 
sult in  a  steady-state  free  fatty  acid  content  of  0.  4  to  0.  7  percent. 

Another  type  of  fat  deterioration  is  oxidation,  a  combining  of  fat  with 
atmospheric  oxygen,  which  contributes  to  darkening  of  the  fat,  development 
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Figure  6.  Use  of  reel  graders 
to  separate  sraall  pieces  from 
French  fry  cuts. 


Figure  7.  Forming  potato  patties, 


Figure  8.  French  fries  emerging 
from  fryer. 
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of  off  odors  and/or  flavors,  development  of  foaming  while  frying,  and  reduc- 
tion in  stability  or  shelf  life  of  the  fried  product.  Contact  with  air  at  the  sur- 
face is  unavoidable  but  excessive  oxidation  can  be  avoided  by  eliminating 
opportiinities  for  aeration  of  the  hot  fat  within  the  circulating  and  centrifug- 
ing  or  filtering  system  used  in  conjunction  with  the  fryer.  Although  the  end 
result   of  oxidation  is  rancidity,  fats  do  not  normally  become  rancid  during 
frying,  but  fats  in  products  may  become  so  during  storage. 

Polymerization  of  fat  may  also  take  place.  This  reaction  is  essentially  a 
combination  of  unsaturated  fat  molecules  to  form  products  of  higher  molecu- 
lar weight.  Oxidation  may  or  may  not  be  involved.  Polymerization  becomes 
evident  by  increased  viscosity  of  the  fat  and  by  formation  of  gum  or  gummy 
deposits. 

FREEZING,  PACKAGING,  AND  STORAGE 

Following  deep-fat  frying,  the  product  is  drained  of  excess  fat.  One  type 
of  defatter  shakes  the  French  fries  while  keeping  them  hot  in  a  stream  of  hot 
air  in  a  specially  designed  chamber  {2.3).   The  product  is  then  cooled  in  a 
stream  of  cold  filtered  air  as  it  is  conveyed  on  a  wire  mesh  belt.  Cooling 
firms  the  pieces  and  tends  to  reduce  breakage,  which  is  important  when  the 
product  is  packaged  before  freezing  (2,  45).   The  fries  may  be  given  an  addi- 
tional inspection  after  defatting  and  cooling  to  remove  overfried  or  otherwise 
defective  pieces  and  to  insure  uniformity  in  quality. 

Some  processors  freeze  the  loose  pieces  on  a  continuous  belt  freezer  in 
a  freezing  tunnel  (31).   The  frozen  product  is  packed  in  cartons  either  with 
automatic  filling  machines  (8)  or  by  a  combination  of  machine  filling  and  hand 
packing  to  a  given  weight.  Elach  package  is  checked  for  weight  of  contents. 
The  filled  retail-size  cartons  are  over- wrapped,  cased,   sealed,  and  de- 
livered to  the  frozen  storage  warehouse. 

Other  processors  fill  and  over- wrap  the  cartons  before  freezing.  Pos- 
sibility of  piece  breakage  is  increased  when  unfrozen  French  fries  are  pack- 
aged, as  compared  with  the  frozen  product.  Packages  filled  with  unfrozen 
product  are  frozen  in  a  blast  or  multiple- plate  contact  freezer.  Plate  freez- 
ing may  take  up  to  Zj  hours  for  the  product  to  reach  0°F  (4).   The  frozen 
packages  are  cased  and  placed  in  frozen  storage. 

The  retail  package  of  French  fries  usually  contains  9  ounces  of  product 
but  some  packages  are  16  ounces  in  size.  Institutional  packages  of  par-fries 
vary  in  weight  according  to  customer  demand.   Five-pound  packages  or  bags 
are  commonly  used.  These  are  packed  6  to  a  case.  Retail  packages  are 
packed  24  to  a  case. 
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QUALITY  CONTROL, 

Quality  control  of  frozen  par-fries  and  French  fries  usually  begins 
with  determinations  of  specific  gravity,  analyses  for  sugar  content,  and/or 
laboratory- s cale  frying  tests  of  representative  samples  of  the  potatoes  to 
be  used  for  processing.   This  information  enables  the  processor  to  select 
raw  material  and  to  specify  the  conditioning  treatment,  if  any,  that  must 
precede  processing.  Similar  tests  are  made  after  conditioning  as  a  check  on 
effectiveness  of  this  treatment  and  to  facilitate  the    correct  choice  of  blanch- 
ing and  frying  conditions  in  the  plant.  The  processor  is  able  to  control  the 
quality  of  his  product  through  records  of  the  quality  of  his  raw  material  and 
of  the  partially  processed  product  at  different  stages  of  processing. 

Buyers  frequently  set  their  own  standards  of  quality  for  the  finished 
product.  Such  standards  may  concern  piece  size,   color,  fat  content,  and 
number  of  pieces  per  package,  as  well  as  package  label,  weight,  and  in- 
structions for  use.  Some  of  the  buyer's  specifications  may  vary  somewhat, 
depending  upon  consumer  preference  in  the  particular  area  in  which  the  prod- 
uct is  to  be  consumed  (37).  Some  processors  run  quality  control  checks  every 
half  hour  on  their  production  for  the  benefit  of  their  customer  accounts.  A 
panel  appraisal  of  the  reheated  product,  prepared  for  serving  according  to 
customer  use  instructions,  is  also  made  periodically  as  a  further  check  on 
quality  (Z).  Fat  content  in  the  final  product  is  sometimes  used  as  a  quality 
standard.  The  fat  content  may  vary  appreciably  among  different  processors 
according  to  raw  material,  frying  practices,  and  other  processing  condi- 
tions. A  buyer  may  therefore  specify  a  maximum  fat  content  or  a  satisfac- 
tory range  of  variation. 

To  a  large  degree,  however,  the  quality  of  frozen  French  fried  and 
other  potato  products  is  very  difficult  to  specify  in  analytical  terms.  Much 
must  be  left  to  personal  judgment  and  opinion,  particularly  with  respect  to 
such  qualities  as  texture  and  flavor.   The  quality  control  man  employed  by 
the  processor  must,  therefore,  use  a  combination  of  objective  and  subjec- 
tive tests  which  will  insure  consumer  satisfaction. 

Standards  for  grades  of  frozen  French  fried  potatoes  have  been  estab- 
lished by  the  Agricultural  Marketing  Service  of  the  U.S.  Department  of 
Agriculture  (42).  Factors  rated  in  these  standards  include  a  maximum  30 
score  points  for  color,  40  score  points  for  freedom  from  defects,  and  30 
score  points  for  texture.   Factors  of  quality  which  are  not  scored  numeric- 
ally, including  varietal  characteristics  and  flavor,  also  enter  into  grading 
of  product. 

FROZEN  POTATO  CO-PRODUCTS 

Production  of  co-products  by  the  processor  of  frozen  French  fries  has 
proved  advantageous  to  the  industry  in  two  ways.  First,  manufacture  of  one 
or  more  additional  products  such  as  frozen  potato  patties,  dice,  or  shreds, 
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mashed  potatoes,  potato  pxiffs,  etc.  diversifies  the  potato  processing  opera- 
tion and  enables  a  processor  to  take  better  advantage  of  variations  in  qual- 
ity, grade,  and  size  classifications  of  his  raw  material  than  would  otherwise 
be  possible.  Co-products  have,  for  example,  provided  profitable  outlets  for 
potatoes  too  small  for  French-fry  cutting  and  for  the  slivers  and  short  pieces 
that  woTild  otherwise  constitute  a  waste  in  producing  a  q\iality  pack  of  French- 
fried  potatoes.  Secondly,  the  production  of  a  number  of  new  frozen  potato 
products  has  greatly  extended  the  availability  of  convenient,  ready-to-serve 
items  for  both  the  institutional  user  and  the  home  consumer. 

Potato  Patties.  This  product  has  proved  to  be  very  popular  during  the 
relatively  few  years  it  has  been  on  the  market.  The  patties  can  be  prepared  for 
serving  by  frying  in  deep  fat  or  in  a  skillet,  by  broiling,  baking,  or  by  boil- 
ing and  mashing. 

In  the  manufacture  of  potato  patties,  slivers  and  short  pieces  separated 
from  the  French-fry  line  are  steam  blanched  and  then  cooled  and  shredded 
of  chopped,  ¥rhole  small  potatoes  noay  be  sliced  or  shredded  and  processed 
in  the  same  manner  as  slivers  and  nubbins.  Another  method  is  to  cook  the 
small  potatoes  partially  (10  to  18  minutes)  in  a  hot-water  blancher  before 
shredding  or  chopping.  Shredding  after  cooking  is  thought  to  give  a  product 
with  better  frying  characteristics  than  does  shred<ling  before  cooking  or 
blanching.  The  shredded  material  is  then  mixed  with  salt  or  other  seasoning 
and  flour.  In  some  cases  onion  powder  is  added  for  flavor.  This  mixture  is 
fed  to  a  patty-forming  machine  which  forms  either  roxmd  or  rectangular 
patties  weighing  about  3  ounces  each.  The  patties  are  placed  on  waxed  paper 
to  keep  them  separate  when  packed  in  cartons.  The  product  can  be  frozen  be- 
fore or  after  packaging  as  in  the  case  of  French  fries. 

Diced  Potatoes.  This  product  is  prepared  from  peeled  small  potatoes  or 
pieces  by  dicing  (cubes  approximately  3/8  inch  on  a  side)  and  blanching. 
Either  water  or  steam  can  be  used  for  blanching.  Onion  flavoring  is  added 
in  some  instances.  The  product  can  be  loose  frozen  or  packaged  and  then 
frozen  in  a  contact  or  blast  freezer.  Frozen  diced  potatoes  are  prepared  for 
serving  as  a  hash-browned  dish  by  browning  in  a  skillet  in  a  manner  similar 
to  that  used  for  patties. 

Hash  Brown  Potatoes.  Small  whole  potatoes  are  completely  cooked, 
cooled,  shredded,  and  packed  loose  in  cartons  before  freezing. 

Mashed  or  ¥niipped  Potatoes.  Slivers  and  small  pieces  of  potato  are 
steamed  and  mashed  with  mashing  rolls  or  by  extruding  through  a  ricer.  A 
finisher  can  be  used  to  remove  lumps  and  fiber.  Salt  and  milk  solids  can  be 
added.  For  whipped  potatoes  the  mashed  material  is  vigorously  beaten.  A 
voliimetric  piston  filler  can  be  used  to  meter  the  product  into  film-lined 
cartons  for  freezing. 
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A  product  destined  for  use  as  mashed  potato  may  also  be  prepared  by 
freezing  a  cooked  potato  in  the  form  of  shreds.   These  are  prepared  for 
serving  by  heating  in  a  steam  chest  or  double  boiler.  Milk  or  water  is  added 
and  the  mixture  is  whipped. 

Potato  Puffs.  Another  use  for  slivers  and  small  pieces  of  potato  is  for 
the  production  of  frozen  potato  puffs.   The  raw  material  is  cooked  with  steam 
and  mashed  and  then  mixed  with  flour,   eggs,  and  seasoning  in  a  batter  mixer. 
The  mixture  is  extruded  hot  in  the  form  of  croquettes,  allowed  to  cool,  and 
then  fried  in  deep  fat  and  frozen. 

ESTABLISHING  A  PLANT 

Presentation  of  detailed  information  for  setting  up  a  plant  to  produce 
frozen  French  fries,  patties,   dice,  mashed,  or  hash  brown  potatoes,  etc. 
is  beyond  the  scope  of  this  publication.  However,   some  idea  can  be  given  of 
the  magnitude  of  the  capital  investment  and  other  considerations  that  are 
involved. 

The  prospective  mianuf a ctu r e r  of  frozen  potato  products  should  have  in 
mind  a  well-integrated  process  in  the  interest  of  an  efficient  and  economical 
operation.  For  example,  the  manufacture  of  frozen  French  fries  imposes 
limits  on  the  size  of  potatoes  that  can  be  used  to  give  strips  of  acceptable 
length.  As  has  already  been  pointed  out,   cutting  potatoes  into  French-fry 
strips  results  in  a  certain  amount  of  slivers  and  short  pieces  which  must  be 
separated  out  as  waste.  Potatoes  which  are  too  small  for  French-fry  cuts 
might  likewise  constitute  a  loss  unless  provision  is  made  for  producing  other 
products  in  which  raw  material  unsuited  for  French  fries  can  be  utilized  ef- 
fectively. In  some  localities  it  may  be  possible  to  divert  small  potatoes  and 
waste  from  French-fry  cutting  operations  to  a  nearby  dehydration  plant  or 
starch  plant.  In  addition  to  manufacture  of  such  frozen  products  as  men- 
tioned above,  consideration  can  also  be  given  to  the  ultimate  expansion  of 
the  operation  to  include  other  types  of  potato  processing  such  as  manufac- 
ture of  dehydrated  products. 

In  deciding  on  location  and  size  of  plant,  numerous  factors  must  be 
considered.  Availability  of  a  constant  and  suitable  supply  of  raw  material  is 
one  of  the  most  important.  Potatoes  must  be  available  from  storage  for  a 
number  of  months  in  addition  to  the  period  of  harvest.  Growing  areas  with 
storage  facilities  that  are  adequate  and  suitable  for  "conditioning"  supplies 
in  preparation  for  processing  are  preferable.  It  is  assumed,  of  course, 
that  quality  of  raw  material  is  satisfactory  in  both  instances.  In  any  case, 
careful  planning  and  management  are  needed  to  assure  availability  of  suit- 
able raw  material  each  day  of  plant  operation.  To  provide  a  constant  flow 
of  raw  material  into  the  plant  it  may  be  necessary  to  construct  a  building 
adjacent  to  the  processing  plant  for  storage  and  conditioning  of  potatoes. 
Such  storage  should  be  sufficiently  large  to  hold  at  least  a  two- week  supply 
and  preferably  more. 
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Cpnsideration  shoxild  also  be  given  to  the  possibility  of  processing  other 
vegetable  crops  during  the  off-season  when  potatoes  of  good  qiiality  are  not 
available  or  are  too  costly  for  economical  operation.  For  example,  freezing 
peas,  sweet  corn,  green  beans,  or  other  vegetables  might  be  undertaken,  if 
supplies  of  raw  material  are  readily  available,  without  large  additional  cap- 
ital investments,  since  equipment  such  as  sorting  and  trimmdng  lines  and 
freezing  facilities  would  already  be  at  hand. 

Complete  building  and  equipment  costs  for  a  frozen- potato-product 
plant  processing  on  the  order  of  100  to  200  tons  of  potatoes  per  day  can  be 
expected  to  range  from  a  half  million  to  a  million  dollars,  depending  on  de- 
sign of  plant  and  eqxiipment  and  number  of  products  contemplated.  Investment 
economies  may,  of  course,  be  effected  in  various  ways  such  as  by  leasing  or 
acquisition  of  existing  buildings  and  purchase  of  used  equipment.  Investment 
economies  must  be  made  prudently,  however;  otherwise  the  investment  may 
resvilt  in  an  unprofitable  venture.  The  prospective  processor  must  have,  in 
addition  to  fimds  sufficient  for  the  fixed  investment,  adeqiiate  capital  or 
credit  for  operating  expenses,  labor,  purchase  of  raw  material,  financing 
of  warehoused  stock,  and  other  contingencies.  Total  capital  and  credit  re- 
quirements may  therefore  range  from  over  a  million  to  2  million  dollars  or 
more. 
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